PAPER 2: COUGHING FOR THE THORACIC SURGERY PATIENT  by Davis, Janet R.
134 T H E AUSTRALIAN JOURNAL OF PHYSIOTHERAPY 
PAPER 2 
COUGHING FOR THE THORACIC SURGERY PATIENT 
JANET R. DAVIS. 
Acting Physio tkerapist-in-Charge, The Prince Henry Hospital, Sydney. 
Coughing is a mechanism designed to pro-
tect lung function. Together with normal 
ciliary action, it maintains patency of the air-
ways. The cough is elicited by reflex stimula-
tion of the cough-sensitive areas which are 
restricted to the upper airway down to the 
divisions from the main bronchi. Coughing 
may also be produced by conscious voluntary 
effort. 
After thoracic surgery, as after upper 
abdominal surgery also, effective coughing 
must be re-established to remove secretions 
from the trachea and bronchi. If secretions are 
allowed to collect they cause airways obstruc-
tion leading to uneven distribution of ventila-
tion. They pre-dispose to patchy atelectasis, 
causing segmental, lobar or even whole lung 
collapse which produces increasing ventila-
tion-blood flow inequality and reduction in 
lung compliance, so increasing the work of 
breathing* Retained secretions provide a focus 
for infection. 
Pre-operative Factors Influencing 
Post-operative Coughing: 
Pre-operatively the physiotherapist plays an 
important role in the instruction of the patient 
in thi) techniques of, and necessity for, post-
operative coughing. Her aim will be to re-
move any secretions present by means of 
encouraging general activity within the 
patient's tolerance, by postural drainage and 
by teaching coughing from a position of full 
inspiration. The patient should stop smoking 
five to seven days before surgery to prevent 
depression of ciliary action. Ventilatory func-
tion tests should be performed, and repeated 
after the administration of a bronchodilator if 
the results show evidence of obstructive air-
ways disease. Blood gas analysis may be car-
ried out if there is evidence of obstructive 
airways disease. Careful selection of patients 
is essential pre-operatively. Pneumonectomy 
causes the loss of one third of the vital capa-
city, lobectomy the loss of one quarter of the 
vital capacity, and during the immediate post-
operative period the effective loss is greater. 
Patients who would be left with a maximum 
breathing capacity of less than 40 litres/min. 
after resection have inadequate function for 
operation. This corresponds to an F.E.V.i of 
about 1 litre. 
Mechanisms and Dynamics of Coughing: 
A full inspiration is necessary immediately 
prior to coughing. The diaphragm and ex-
ternal intercostal muscles contract quickly, 
producing an inspiratory phase which may 
last about 0.65 seconds and results in an 
intake of 2.0 - 2.5 litres of air in the adult. 
The adductors of the larynx contract next, ap-
proximating the vocal cords and closing the 
glottis for about 0.2 seconds, enabling a high 
intratracheal pressure to develop. The expira-
tory muscles and abdominal muscles contract 
forcefully to build up a high intrathoracic 
pressure, and the diaphragm relaxes. Expul-
sion of air occurs when the vocal cords relax 
and allow the glottis to open, forcing the in-
spired volume of air out under pressure 
within 0.5 seconds. 
During inspiration the change in intra-
pleural pressure rarely exceeds —20mm/Hg. 
but during the expulsive phase pressures may 
reach a level of 100-140 mm/Hg. Maximum 
inspiratory flow rates may be 3-4 litres/sec-
ond, but flow rates achieved on coughing may 
be from 5-6.5 litres/second. The narrowing of 
the bronchi and trachea that occurs with 
forced expiration generates linear velocities 
within the trachea which are estimated to 
equal the speed of sound. The force of these 
velocities and pressures drives secretions into 
the upper airways, where they can be expector-
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ated. The mouth must be kept open during 
the expiratory phase to allow the free expul-
sion of air and secretions. The expiratory 
muscles which contribute to the expulsive 
phase of coughing are the internal intercostal 
muscles, latissimus dorsi, serratus anterior and 
sacrospinalis, together with muscles which 
stabilise the spine and shoulder girdle. 
Pre-operative Coughing: 
Coughing is best taught pre-operatively in 
a forward leaning position. This allows maxi-
mum descent of the diaphragm during inspira-
tion, and enables the abdominal muscles to 
contract strongly and forcefully during the 
expiratory phase. The patient is instructed to 
breathe in deeply, then to cough. Only one or 
two coughs are given on each inspiration. 
After two coughs greater muscle contraction 
is necessary to produce the pressures needed 
to be effective with the smaller volume of air 
left in the lungs. This would be very painful 
after surgery. An effective cough may produce 
sputum at once, or may have to be repeated 
after further full inspirations. A good cough 
can be recognised by its tone, it will sound 
soft and hollow, there will be no voice pro-
duction or humming. 
Operative Factors Influencing Coughing; 
A posterolateral thoracotomy is the cus-
tomary incision for expoloration of the 
thoracic cavity, and is used for most pro-
cedures of the lungs. It is performed through 
the 4th, 5th or 6th intercostal spaces. Anter-
iorly the incision starts at the nipple line and 
runs posteriorly, following the course of the 
rib, to a point about an inch below the in-
ferior angle of the scapula. From there it 
curves upwards and medially to end adjacent 
to the transverse process of the 5th thoracic 
vertebra. The muscles which are divided are 
latissimus dorsi, the lower margin of trapezius, 
rhomboid major and serratus anterior. Some 
lateral fibres of sacrospinalis may require 
division. Entry into the thorax is usually 
through the intercostal space requiring divi-
sion of the intercostal muscles and underlying 
pleura. A few years ago rib resection was 
almost routine, but now adequate exposure 
of the interior of the thorax is gained by re-
tracting the ribs with occasional division of 
the posterior end of the rib above or below the 
incision. Because of the involvement of so 
many expiratory muscles in the incision, 
coughing will be painful and less forceful, 
though stable chest-wall reconstruction should 
minimise any loss of total expulsive effort. 
Pleural drainage tubes will be inserted 
through separate stab incisions in lower inter-
costal spaces, prior to closure of the main 
thoracotomy incision. These large-bore tubes 
have multiple fenestrations in the portion of 
the tube lying within the pleural cavity. Two 
tubes are commonly used, the posterior one 
for drainage of serosanginous fluid lying 
basally in the paravertebral gutter, the anter-
ior tube for the removal of air lies with its 
tip at the apex of the pleural cavity. These 
pleural drains are fixed in position by tying 
the long ends of a skin suture in the stab 
wound around the tube. 
During closure of the main wound the 
muscle layers are re-approximated anatomic-
ally with sutures of non-absorbable material 
such as silk or cotton. The skin is closed in 
the manner of the surgeon's preference, and 
the wound covered with a light dressing of 
gauze and elastic adhesive tape. 
The drainage tubes are connected to an 
underwater seal. This allows air and fluid to 
drain from the chest, while preventing air 
from entering the pleural cavity. In this way 
the normal negative intrapleural pressure is 
re-established. 
Factors Influencing Coughing 
Post-operatively: 
As a result of anaesthesia and retraction or 
handling of the lung during operation, the 
quantity and viscosity of the bronchial secre-
tions will be increased. Depressed ciliary 
action, due to the effect of anaesthetic drugs, 
damage from endotracheal intubation or pre-
operative smoking, will also be present. A 
period of underventilation lasting from 2-6 
hours may occur immediately post-operatively, 
due to the continuing action of pre-medication 
or anaesthetic agents. As a result the tidal 
volume is reduced, the respiratory rate re-
mains unchanged and the PCO2 may be raised. 
As the respiratory rate increases, the PC02 
returns to normal. The tidal volume remains 
small for several days. The F.E.V.i and vital 
capacity are also greatly decreased post-
operatively, resulting in a reduction of the 
maximum expiratory flow rate. Pain is the 
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most important factor limiting both the depth 
of inspiration and the expulsive force needed 
for an effective cough. Reflex or conscious 
splinting of the wound is produced by pain 
and fear of rupturing the sutures. In addition, 
paralysis of a hemidiaphragm caused by 
phrenic nerve involvement will produce an 
ineffective cough, as will inability to close the 
glottis because of recurrent laryngeal nerve 
involvement in lung tumour or lung excision. 
After any thoracotomy there will be some 
pleural effusion and pneumothorax, and after 
lung resection higher intrathoracic pressures 
will be needed to produce a forceful cough, 
especially when there is an air leak through 
the cut surface of the lung into the pleural 
drainage system, 
Factors Aiding Coughing Post-operatively: 
Reassurance and encouragement of the im-
mediate post-operative patient by all the staff 
attending him are essential. Pain should be 
treated by adequate analgesia, but care must 
be taken not to cause respiratory depression. 
Continuous or intermittent epidural analgesia 
or intercostal nerve blocks may be indicated 
in the early post-operative period. The 
physiotherapist should time her treatment 
when relief of pain is maximal, co-inciding 
with nursing procedures such as turning and 
treatment of pressure areas. 
The effectiveness of the cough can be in-
creased by good hydration with intra-venous 
infusion and oral fluids as tolerated. Stimula-
tion of gastric fluids may cause reflex 
secretion of mucus in the bronchial mucosa. 
A drink of hot tea before coughing often 
helps the expectoration of sputum. Inhalations 
of steam or menthol may be helpful, 
Postural drainage for the remaining lobes 
of the operated lung assists the drainage of 
secretions from the insensitive periphery of 
the lung to the area of cough reflex. Drainage 
of the other lung should also be performed if 
secretions are known to be present, as in bi-
lateral bronchiectasis. Full inspiration and 
forced expiration are of value in raising secre-
tions and mobilising the chest wall, in the 
drainage position. Coughing and expectoration 
are encouraged and performed as practised 
pre-operatively. Support for the wound from 
the physiotherapist or nurse is necessary to 
stabilise the chest wall, prevent pain and give 
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a feeling of security. The most comfortable 
support is given with a "Bear-hug". The arms 
are clasped around the patient's chest, the 
forearms supporting the costochondral junc-
tions anteriorly, and the costotransverse joints 
posteriorly. The fingers are separated to sup-
port the drainage tubes. The patient can be 
taught to simulate this support, perhaps more 
effectively than by a second party* A cough 
given by the physiotherapist often helps to 
"remind" the patient. Regular movement of 
the limbs and turning in bed helps to prevent 
sputum retention, 
I.P.P.R. is sometimes given post-operatively 
to produce a full lung inflation in patients 
with very small tidal volumes, Normal saline 
may be used in the nebuliser to humidify the 
inspired gas, a bronchodilator should be 
administered if bronchospasm is present. 
Mucomyst, a solution of 20% acetylcysteine, 
may be given to decrease the viscosity of the 
sputum and stimulate coughing. It should 
not be given more frequently than 4th hourly. 
Pharyngeal stimulation of the cough reflex 
with a suction catheter will often produce a 
good cough in uncooperative patients or those 
who are unable to produce an effective volun-
tary cough. Secretions can be sucked out of 
the pharynx if expectoration is difficult. Care 
must be taken not to pass the catheter into 
the larynx, as this will cause laryngeal stridor 
and oedema and increased respiratory embar-
rassment. External pressure on the trachea by 
the physiotherapist often stimulates the cough 
reflex, particularly in children. 
Occasionally, when no effective cough has 
been produced and there is evidence of re-
tained secretions, cricothyroid instillation or 
cannulation is indicated. A fine nylon catheter 
is introduced into the trachea by a needle in-
serted through the cricothyroid membrane. 
The rapid injection of 2-3 mis of normal 
saline, tap water, or diluted Mucomyst through 
the catheter provides a strong stimulus for 
coughing. It can be left in position for 12-24 
hours, but may lose its efficacy before that 
time. 
Occasionally, bronchoscopy is indicated 
post-operatively and this is no reflection on 
the standard of physiotherapy or nursing care. 
When a bronchus is obstructed, oxygen in the 
area of lung beyond the block is absorbed 
and the part collapses. If this area is com-
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pletely collapsed and no air can pass beyond 
the obstruction, percussion and coughing will 
not drive the plug out. The patient may be-
come exhausted and in respiratory distress. 
Bronchoscopy, followed by coughing, will re-
move the obstruction and re-aerate the lung, 
through continued encouragement to cough 
effectively remains the major factor in evacuat-
ing secretions. 
In summary, the thoracic surgery patient 
is instructed pre-operatively on the importance 
and techniques of coughing by the physio-
therapist. Post-operatively the physiotherapist 
maintains patency of the patient's airways by 
postural drainage, deep breathing and cough-
ing. During treatment she is aware of the 
factors limiting effective coughing, and the 
means at her disposal for assisting the per-
formance of a good productive cough. Occa-
sionally, it is of advantage to emphasise that 
coughing is purely "endogenous" — failure 
to cough may lead to life-threatening prob-
lems — the physiotherapist can do no more 
than instruct and assist. It is the responsibility 
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of all those who care for such patients to 
reiterate the importance, "in foot-high neon 
lights" of the patients responsibility to "cough 
to save his life". 
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